ABSTRACT Ocelots (Leopardus pardalis) are listed as least concern on the International Union for Conservation of Nature (IUCN) Red list of Threatened Species, yet we lack knowledge on basic demographic parameters across much of the ocelot's geographic range, including population density. We used camera-trapping methodology and spatially explicit capture-recapture (SECR) models with sex-specific detection function parameters to estimate ocelot densities across 7 field sites over 1 to 12 years (from data collected during [2002][2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015] in Belize, Central America. Ocelot densities in the broadleaf rainforest sites ranged between 7.2 and 22.7 ocelots/100 km 2 , whereas density in the pine (Pinus spp.) forest site was 0.9 ocelots/100 km 2 . Applying an inverse-variance weighted average over all years for each broadleaf site increased precision and resulted in average density ranging from 8.5 to 13.0 ocelots/100 km 2 . Males often had larger movement parameter estimates and higher detection probabilities at their activity centers than females. In most years, the sex ratio was not significantly different from 50:50, but the pooled sex ratio estimated using an inverse weighted average over all years indicated a female bias in 1 site, and a male bias in another. We did not detect any population trends as density estimates remained relatively constant over time; however, the power to detect such trends was generally low. Our SECR density estimates were lower but more precise than previous estimates and indicated population stability for ocelots in Belize. Ó
The medium-sized ocelot (Leopardus pardalis) has a wide geographic distribution across the Americas, ranging from southern Texas, USA, to northern Argentina (Sunquist and Sunquist 2002) . Currently, the ocelot is listed on Appendix I of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), which prohibits all international trade of skins and live animals. This protection via CITES stemmed from heavy hunting of ocelots during the 1960s and 1970s for their fur (Murray and Gardner 1997, Salvador and Espinosa 2015) , a practice that continues today in parts of Central and South America, and Trinidad and Tobago. Currently, ocelots are mainly threatened by habitat degradation and loss (Hunter and Barrett 2011) . In Belize and in other Neotropical countries, large-scale agriculture, infrastructure developments, and increased human populations have been the leading causes of deforestation (Young 2008 , Nogueira and NogueiraFilho, 2011 , Aide et al. 2013 ). Low reproductive rates, long inter-birth intervals, and small litter sizes make ocelots potentially vulnerable to population declines and habitat loss (Hunter and Barrett 2011) . In Belize, ocelots occur sympatrically with 4 other felid species and play a vital role as a mesopredators in ecosystem trophic dynamics (de Oliveira et al. 2010) . To better understand the ecology of ocelots throughout their geographic range and improve long-term management and conservation of a species occurring across human-altered landscapes, it is important to determine population demographic parameters, especially abundance and density (Lebreton et al. 1992 , Reed et al. 2002 , Royle et al. 2013 .
Currently, there are 2 general approaches to estimating population density from capture-recapture data: classical and spatial capture-recapture models. Classical non-spatial capture-recapture methods estimate density by applying an ad hoc buffer surrounding the cameras or the trapping array to derive the total area encompassing the population of interest and dividing the estimated abundance by this estimated effective survey area. Commonly this buffer is defined by a radius equal to half of the mean maximum distance moved among traps for all individuals (Silver et al. 2004 , Paviolo et al. 2009 ). However, these classical non-spatial, capture-recapture techniques are problematic because they often lead to an overestimate of density (Soisalo and Cavalcanti, 2006 , O'Brien 2011 , Sollmann et al. 2012 , Meek et al. 2014 . Spatial capture-recapture models were developed in part to resolve this problem of converting abundance to density. For this reason, we applied spatially explicit capture-recapture methods (SECR) that incorporate the spatial location of individual ocelot captures into the density estimation process (Efford et al. 2009 ). Spatial information is important for estimating the location of each ocelot's activity center in conjunction with an estimated detection function, which can jointly be used to estimate population density directly (the number of activity centers over the study area), thus overcome many of the limitations of classical capture-recapture methods (Sollmann et al. 2011 , Royle et al. 2013 .
Standard SECR software (e.g., the secr R package; Efford 2018) provides a flexible analysis framework for including individual covariates, such as sex, as predictors for the detection function parameters (g0), the baseline detection probability (at the activity center), and for the spatial scale parameter (s), which determines the range over which detection probability declines as the distance between an activity center and detector increases. Several ocelot studies have reported that social system dynamics between male and female ocelots typically follow that of other felids, with male territories overlapping 1 females (Murray and Gardner 1997 , Sunquist and Sunquist 2002 , Di Bitetti et al. 2006 , Dillon and Kelly 2008 and male ocelots potentially using roads or trails where cameras are placed more intensively than females (Royle et al. 2013 ). These differences in space use between sexes are likely to effect g0 and s in a camera trapping context and should be considered explicitly within the models to avoid negatively biased estimates that occur in the presence of un-modeled individual heterogeneity in detection function parameters (Sandell, 1989 , Sollmann et al. 2011 .
Camera-trapping methods in conjunction with spatial capture-recapture models are one of the most effective methods for obtaining demographic data on rare and elusive species such as ocelots (Royle et al. 2013 , da Rocha et al. 2016 . We lack knowledge on basic demographic parameters for ocelots because it is challenging to conduct surveys for this cryptic, nocturnal species, yet abundance and density are strong indicators of overall health of natural populations within the species' range , da Rocha et al. 2016 . In Belize, Central America, studies estimating density of ocelots have not been published since (Dillon and Kelly 2007 Davis 2008) , and those studies used classical, non-spatial density estimation methods, which likely led to overestimates. Further, large-scale cameratrapping surveys monitoring ocelots over multiple years and sites are absent throughout their range; however, long-term, multi-site studies hold potential to substantially improve population parameter estimates, especially those of density. For example, in sparse camera trap data sets (i.e., low numbers of detections, spatial recaptures, camera stations, or unique individuals identified), increased precision in parameter estimates can be achieved by pooling information across multiple surveys through time at the same site. Largescale spatiotemporal camera-trapping datasets also provide essential information in understanding species landscape distribution, beyond that provided by contemporary population estimates (Foster and Harmsen 2012) . We highlight the importance of long-term studies for monitoring wildlife populations though time to uncover population trends (da Rocha et al. 2016 ) and provide new insights into the ecology and population status of ocelots in Belize.
Our objectives were to estimate ocelot density and sexspecific detection and movement parameters of ocelots in 7 separate study sites in Belize. We expected to find differences in population densities between those sites dominated by broadleaf forests and a site containing primarily native tropical pine forest because of differences in habitat preference and canopy cover (Harveson et al. 2004 , Di Bitetti et al. 2006 . Past research has demonstrated male ocelots have larger home ranges than females and their home ranges encompass 1 female ocelot (Di Bitetti et al. 2006, Dillon and Kelly 2008) . Traversing these larger home ranges should lead to greater exposure to the trapping grid and we therefore predicted that male ocelots would have higher detectability at their activity centers than females.
STUDY AREA
The Belize mainland is approximately 63% forested (Cherrington et al. 2010) , and 43% of the mainland is uninhabited by humans (Foster et al. 2016 ). This includes national, private, or candidate protected areas, but only 17% of the mainland is protected against wildlife extraction (Cherrington et al. 2010 , Foster et al. 2016 . Because of natural disasters, such as frequent hurricanes, along with anthropogenic disturbances, the most common forest type in Belize is secondary moist broadleaf forest with interspersed patches of primary forest. However, the landscape encompasses a wide range of land cover types, including tropical rainforest, secondary forest with patches of old growth, pine savanna, seasonally inundated lowland forests, wetlands, pine, mangrove, and littoral forests (Fig. 1) .
Our 7 study sites hosted a rich variety of flora and fauna. Some of the most common species characteristic of Belize include broadleaf-dominated sites with mahogany (Swietenia macrophylla), Spanish cedar (Cedrela mexicana), sapodilla (Manilkara zapota), ramon (Brosimum alicastrum), and cohune palm (Attalea cohune). The pine ridge-savannadominated sites included Caribbean pine (Pinus caribaea), Mexican yellow pine (Pinus oocarpa), calabash (Cresentia cujete), oak (Quercus spp.), and palmetto palm (Acoelorrhaphe wrightii). Coastal and mangrove sites included red mangrove (Rhizophora mangle), black mangrove (Avicennia germinans), white mangrove (Laguncularia racemosa), and buttonwood (Conocarpus erectus). Dominant fauna included all 5 species of wild felid: jaguar (Panthera onca), puma (Puma concolor), ocelot (Leopardus pardalis), jaguarundi (Puma yagouaroundi), and margay (Leopardus wiedii). A wide diversity of mammal species share the landscape including white-lipped peccary (Tayassu pecari), collared peccary (Pecari tajacu), Baird's tapir (Tapirus bairdii), white-tailed deer (Odocoileus virginianus), red brocket deer (Mazama americana), paca (Agouti paca), and Central American agouti (Dasyprocta punctate).
Study Sites
We grouped sites into the following categories: lowland broadleaf rainforest (Fireburn Reserve, Hill Bank, and Gallon Jug Estate), upland broadleaf rainforest (La Milpa, Cockscomb Basin Wildlife Sanctuary, and Chiquibul Forest Reserve and National Park), and native upland tropical pine forest (The Mountain Pine Ridge Forest Reserve).
The Fireburn Reserve in northeastern Belize was primarily tropical moist lowland forest, with an average annual rainfall of 152.4 cm (Miller 2006) and elevation of 1 m. The reserve was approximately 7.4 km 2 , had low canopy cover and extensive saltwater swamp. We conducted the camera-trapping survey for this site from March to July 2009.
The Rio Bravo Conservation and Management Area in northeastern Belize was split into 2 field sites, La Milpa and Hill Bank, and has been owned and managed by a local, non-governmental organization (i.e., Programme for Belize) since 1982. The Rio Bravo Conservation and Management Area was the largest private reserve and second largest protected area in Belize, encompassing approximately 1,053 km 2 of land, and 4% of the total land cover in Belize (Programme for Belize 2008). Annual rainfall averaged from 300 cm to 350 cm and elevation ranged from 40 m to160 m. La Milpa was primarily upland broadleaf forest and had strict conservation regulations because of the tourism potential; as a result, logging within the interior of the reserve was prohibited. However, some logging occurred on the edge in the secondary forest products zone (Kelly and Rowe 2014) . We conducted 7, 2-3-month camera-trapping surveys in each year in 2008 and 2010-2015 . Hill Bank was a rich mosaic of land cover types primarily composed of lowland broadleaf forest, freshwater swamp, and pine savanna. At the time of study, timber harvest was conducted on a 40-year rotation, and was in accordance with rules of the Forest Stewardship Council and by the Rainforest Alliance (Programme for Belize 2008). For this site, we conducted 6, 2-3-month camera-trapping surveys in each year from 2010 to 2015.
The Gallon Jug Estate located in northwestern Belize was privately owned and underwent selective logging (40-yr rotation) along with coffee, cacao, and cattle production. Gallon Jug Estates was originally 538 km 2 until a portion of it was recently purchased by The Forestland Group, which reduced the area to 113 km 2 . The area was comprised primarily of lowland broadleaf moist evergreen seasonal forests with an average annual rainfall of 162.5 cm (Miller 2006) , and an elevation of 40 m to 160 m. For this site, we conducted 4, 2-3-month camera-trapping surveys in each year from 2013 to 2016.
The Cockscomb Basin Wildlife Sanctuary consisted of 425 km 2 of evergreen and semi-evergreen upland broadleaf tropical moist rainforest on the eastern slope of the Maya Mountain Massif in central eastern Belize (Silver et al. 2004 , Harmsen et al. 2010 . Elevation ranged from 50 m to 1,120 m and annual rainfall averaged around 270 cm. For this site, we conducted 12, 2-3-month camera-trapping surveys, The Mountain Pine Ridge Forest Reserve was primarily native upland tropical pine species forest (species noted above) along with smaller areas of shrub and broadleaf forest, especially along the riparian corridors (Davis et al. 2011 ). The Mountain Pine Ridge Forest Reserve was 434 km 2 with areas that underwent naturally occurring annual forest fires (Kellman and Meave 1997, Davis et al. 2011) . Elevation ranged from 120 m to 1,016 m and annual rainfall averaged 150 cm. The Mountain Pine Ridge Forest Reserve and Chiquibul Forest Reserve and National Park were separated by the Macal River, which created a sharp transition between pine forest and broadleaf forest (Davis et al. 2011) . For this site, we conducted 14, 2-3-month surveys, 3 in 2004 and 1 in each year from 2005 to 2015.
The Chiquibul Forest Reserve and National Park was located in western Belize and was comprised of upland deciduous semi-evergreen, deciduous seasonal forest, and occasional Caribbean pine in the northern sector (Wright et al. 1959 , Silver et al. 2004 . Chiquibul Forest Reserve and National Park was approximately 1,744 km 2 . Annual average rainfall was 150 cm to 200 cm (Beletsky 1999, Dillon and Kelly 2008) and elevation was approximately 500 m. Commercially important tree species such as mahogany, Spanish cedar, and Caribbean pine were selectively logged on a >40-year rotational basis within the Forest Reserve (Silver et al. 2004) . For this site, we conducted 9, 2-3-month surveys, 
METHODS Camera Trap Survey
Depending on site and year, we established 20-50 paired camera-trap stations (Table 1) . Cameras were originally white flash, film cameras (DeerCam, Park Falls, WI, USA; CamTrakker, Augusta, GA, USA; and TrailMaster, Lenexa, KS, USA), but we began replacing them in 2010 with digital infrared Reconyx, digital white flash Reconyx (Holmen, WI, USA), digital white flash Moultrie (Birmingham, AL, USA), digital white flash HCO Scoutguard (International Falls, MN, USA), and Pantheracams, (New York, NY, USA). In all sites, except Cockscomb Basin Wildlife Sanctuary, we used 2 different brands per site (faster vs. slower trigger speeds) to avoid introducing camera bias. In Cockscomb Basin Wildlife Sanctuary, we used CamTrakker and DeerCams until 2008 and Panthercams from 2011 onward. We set cameras low to capture small and large cats, at a height of 30-50 cm, on available trees or handmade stakes to take 1-3 photos/event, with either a 15-, 30-, or 60-second delay between events, depending on allowable camera functions.
Ocelots have individually distinct coat patterns and like other felids commonly use roads and trails (Dillon and Kelly 2007) ; therefore, we placed cameras on opposite sides of trails, roads, and logging roads to photograph both flanks of a passing animal. To increase baseline encounter probability and ensure that each individual felid had a non-zero probability of being captured, we originally chose locations for each camera station based on the smallest home range estimates for ocelots, pumas, and jaguars at 1.5-km to 3-km intervals, depending on survey objectives (Emmons 1988 , Silver et al. 2004 , Di Bitetti et al. 2006 , Haines et al. 2006a . To meet the assumption of demographic closure (no births, deaths, or migration), we kept the sampling periods to 3 months.
The ocelot's individually distinct coat patterns allowed 4 trained observers to identify ocelots to the individual level. First, a team of 2 observers assigned all ocelots across all sites and years an identity, then an independent team of 2 observers double checked and confirmed identities. Although most individuals had both flanks photographed simultaneously, there were some individuals where only a single flank was photographed during the study. Therefore, in those years and sites, we created the capture history by 
SECR Models
We created capture histories and camera operation histories for each site and year. We defined the sampling occasion as a 1-day period and the camera operation history documented the spatial coordinates of each camera station along with a record of which camera stations had operational cameras deployed on each occasion. Sex information was associated Table 1 . Ocelot summary statistics for camera-trapping surveys conducted in each year and site in Belize, Central America (2002 . Trap nights represent total number of days across all functional camera stations (1 camera functional/station). with each ocelot in the capture history when available and recorded as unknown for individuals whose sex could not be determined. We ran conditional likelihood SECR models using R package secr, assuming half-normal detection functions and proximity detectors, reflecting an independent Bernoulli encounter model (Efford 2011) . We accommodated the unknown sexes using the hcov command, which specifies a partially observed finite mixture for individual sex. The maximum likelihood-based SECR models are fit using a discrete approximation of the state space, or area that the population occupies. We defined the state space by buffering the trapping array by 3 times the estimated s (Efford et al. 2004 ) and discretized the state space at 250-m intervals (i.e., we set hypothetical home range centers at 250-m intervals). We fit all possible combinations of pre-defined variables (trap-specific behavioral response to capture on g0, and sex effects on s or g0), resulting in 8 candidate models (Table S1 , available online in Supporting Information). However, in 1 of 6 years in our Hill Bank site, and in 1 of 11 years in our Cockscomb site, we fit <8 candidate models because of sparse data (Table S1 ). We modeled detection function as g01 (intercept-only model), indicating a fixed constant baseline encounter rate across individuals, occasions, and detectors; g0bk indicating a trap-specific behavioral response (e.g., encounter probability is modified for an individual depending on previous capture in that trap); and g0sex, indicating that the encounter probability varied by individual sex. We modeled the spatial scale parameter as s1, indicating s was fixed as constant across all individuals and ssex, indicating s was sex-specific. We modeled the density component as D1, indicating density was fixed as constant across trapping sessions. In 5 of the 7 sites, we also estimated density for each year independently; however, because data were very sparse (low detections and low numbers of individuals) in 2 of the sites (Chiquibul Forest Reserve and National Park and Mountain Pine Ridge Forest Reserve), we ran multi-session models (Royle et al. 2013 ). By sharing parameters (i.e., g0 and s) across years, multi-session models allow information about detection to be pooled over multiple years, increasing sample sizes per estimated parameter and thus improving precision and potentially reducing bias in density estimates (Boulanger et al. 2002 , MacKenzie et al. 2005 , White 2005 , da Rocha et al. 2016 ). In the multi-session models, density was either fixed as constant (D1) or allowed to vary across trapping sessions (Dsession). We fixed all other parameters as constant across all trapping sessions. We used Akaike's Information Criterion corrected for small sample sizes (AIC c ) as our model selection criterion (Anderson and Burnham, 2002) . Throughout all years and in each site, we considered competing models to be 2 DAIC c and averaged only the density estimates for competing models. We considered sexspecific parameters (i.e., g0 and s) to be significantly different when the confidence intervals did not contain zero. Finally, assuming density and sex ratio did not vary across years at each site, we calculated a single density and sex ratio estimate for each site using an inverse-variance weighted average of the yearly estimates (Borenstein et al. 2010 ). This method produced a single, more precise average estimate for each site, excluding sites for which we fit non-sex-effect multi-session models. This allowed for information about density and sex ratio to be pooled across years, given that the density parameter in these sex-specific conditional likelihood models cannot be held fixed in a multisession model because it is a derived parameter.
RESULTS
Across all 7 sites and years we had a sample size of: 85,273 trap nights and 2,555 ocelot detections resulting in a trap success rate of 3.00 detections/100 trap nights over all sites combined. We photographed 384 adult ocelots: 174 males, 182 females, and 28 of unknown sex. The number of ocelot detections at each site across years ranged from 32 to 813. The number of unique ocelots captured at each site in any given sampling year varied from 1 to 51, with spatial recaptures (i.e., captured at >1 camera station) ranging from 0 to 24. Years with lower numbers of spatial recaptures produced density estimates with slightly lower precision (Table 1) .
In the Fireburn Reserve, the top model held g0 constant and allowed s to vary by sex and yielded a density estimate of 9.3 ocelots/100 km 2 (95% CI ¼ 4.5-19.1; Figs. 2 and 3). Sex ratio expressed as the probability of being a female was approximately 0.6 and the confidence interval overlapped 0.5 (Fig. 4) . The top model produced a g0 estimated for both sexes at 0.022 (0.011-0.044), with no competing models (Table S2 ). The sex-specific estimate of s for males was approximately 2.9 times larger than females. Males had an estimated s of 2.6 km (95% CI ¼ 1.0-6.9), and female estimated s was 0.9 km (95% CI ¼ 0.6-1.4; Table S3 ). The male s estimate was significantly different than the female s (Table S3) .
In La Milpa, the yearly density estimates varied from 8.5-22.1 ocelots/100 km 2 (Fig. 2) , with an inverse-variance weighted average over the years of 11.5 (95% CI ¼ 9.0-14.0) ocelots/100 km 2 (Fig. 3) . Sex ratio was approximately 0.5 in 4 of 7 survey years and approximately 0.6 in 3 of 7 years, but all confidence intervals overlapped the 0.5. The inverse-variance weighted average of the sex ratio estimated over all years was 0.5 (95% CI ¼ 0.4-0.6; Fig. 4 ). The g0 parameter estimates for both sexes ranged from 0.004 to 0.025 (Table S2 ). Top models with a sex effect on g0 occurred in 3 out of 7 years (2010, 2011, and 2015) with males approximately 6.7, 1.9, and 1.7 times (respectively) more likely to be detected at their activity centers than females (Table S2) . But, the male g0 estimates were significantly different from female g0 in only 1 of those 3 years (2010 ; Table S2 ). In some years, baseline encounter rates increased with a trap-specific behavioral effect (g0bk), or a trap-specific behavioral effect in addition to a sex effect (g0sex þ bk; Table S3 ). The s parameter estimates ranged from 1.4 km to 2.7 km for years in which top models contained a single s for both sexes (Table S3) . But, sex-specific s effects were important in 4 of 6 years, with males having 1.3 to 1.8 times larger s estimates than females. Male s estimates ranged from 1.8 km to 2.9 km, and female s estimates ranged from 1.4 km to 2.3 km (Table S3) . Male s estimates were significantly different from females in 2 of the 4 years that modeled s as sex-specific (Table S3) .
In Hill Bank, the yearly density estimates varied from 7.2-10.0 ocelots/100 km 2 (Fig. 2) , with an inverse-variance weighted average over the years of 8.5 (95% CI ¼ 6.3-10.8) ocelots/100 km 2 (Fig. 3) . Sex ratio was 0.5 in 1 of 6 years, was 0.4 in 2 of 6 years, and 0.6 in 3 of 6 years, but all confidence intervals overlapped 0.5. The inverse-variance weighted average of the sex ratio estimated over all years was 0.6 (95% CI ¼ 0.5-0.6; Fig. 4 ). The g0 parameter estimates for both sexes ranged from 0.005 to 0.054 (Table S2) . Only 1 year (2011) had top models with a sex effect on g0 and showed males to be 3.0 and 3.3 times more likely to be detected at their activity centers than females during that survey year. Male g0 estimates were significantly different from female estimates in 2011 (Table S2 ). In some years g0 rates increased with a trap-specific behavioral effect (g0bk), or a trap-specific behavioral effect in addition to a sex effect (g0sex þ bk; Table S2 ). The s parameter estimates ranged from 1.5 to 3.1 for males and 0.9 to 1.7 for females depending on survey year (Table S3) . Single s estimates for both sexes combined ranged from 1.0 km to 2.2 km (Table S3) . Sexspecific s estimates were important in 4 of 6 years and males had approximately 1.5 to 1.9 times larger s than females in all 4 years. Male s estimates were significantly different from females in 2 of the 4 years that modeled s as sex-specific (Table S3) .
In Gallon Jug, the yearly density estimates varied from 12.9 to 14.0 ocelots/100 km 2 (Fig. 2) , with an inverse-variance weighted average over the years of 13.0 (95% CI ¼ 10.8-15.2) ocelots/100 km 2 (Fig. 3) . Sex ratio was approximately 0.6 in all 4 years, but all confidence intervals overlapped 0.5. The inverse-variance weighted average of the sex ratio estimated over all years was 0.6 (95% CI ¼ 0.6-0.7; Fig. 4) . The g0 parameter estimates for both sexes ranged from 0.010 to 0.016 (Table S2 ). In 2015 and 2016, the top model estimated a sex effect on g0, showing males to be approximately 1.5 and 1.8 times more likely to be detected at their activity centers than females during those survey years. Male g0 estimates were significantly different from female g0 estimates in both years that contained a sex-specific g0 (Table S2) . In some years, baseline encounter rates increased with a trap-specific behavioral effect (g0bk), or a trap-specific behavioral effect in addition to a sex effect (g0sex þ bk; Table S2 ). Survey years in which top models calculated a single s for both sexes ranged from 1.9 km to 3.1 km (Table S3) . The s parameter estimates ranged from approximately 1.3 to 1.4 times larger for males than females in 2 of 4 years when top models contained a sex effect on s. Male s estimates were significantly different from females in both years that modeled s as sex-specific (Table S3) .
In Cockscomb, the yearly density estimates varied from 6.7 to 22.7 ocelots/100 km 2 ( Fig. 2) with an inverse-variance weighted average over the years of 9.2 (95% CI ¼ 7.2-11.1) ocelots/100 km 2 (Fig. 3) . Sex ratio was approximately 0.5 in 7 of 12 surveys, and all confidence intervals overlapped 0.5. The inverse-variance weighted average of the sex ratio estimated over all years was 0.4 (95% CI ¼ 0.3-0.5; Fig. 4 ). The g0 parameter estimates for both sexes ranged from 0.001 to 0.072 (Table S2 ). In 6 of 12 surveys, the top models supported a sex effect on g0, with males ranging from approximately 1.9 to 7.4 times more likely to be detected than females at their activity centers. Male g0 estimates were significantly different than female g0 estimates in 5 of 6 years (Table S2) . In some years, baseline encounter rates increased with a trap-specific behavioral effect (g0bk), or a trap-specific behavioral effect in addition to a sex effect (g0sex þ bk; Table S2 ). In survey years in which top models calculated a single estimate, s for both sexes ranged from 0.9 km to 5.3 km (Table S3) . The s ranged from approximately 1.9 to 2.4 times larger for males than for females in 5 of 12 surveys. Male s estimates were significantly different from females in all 5 surveys that modeled s as sex-specific (Table S3 ).
In the Mountain Pine Ridge Forest Reserve, we did not include sex covariates because of the sparseness of the data (low detections of very few individuals). Therefore, all parameter estimates are not sex-specific and are reported from the top multi-session model, which held density constant across all years (Fig. 2) . The estimated density was very low at 0.9 (95% CI ¼ 0.6-1.2) ocelots/100 km 2 . The estimated g0 for the top model was also low at 0.005 (95% CI ¼ 0.004-0.008; Table S2 ). The trap-specific behavioral effect on the encounter rate (g0bk) yielded an estimate of 0.013 (95% CI ¼ 0.005-0.033; Table S2), and s was estimated to be 3.4 km (95% CI ¼ 2.8-4.2; Table S3 ).
In the Chiquibul, we ran a multi-session model holding all parameters constant across sessions except for density, which was allowed to vary across trapping sessions and thus estimate density separately for each survey. The yearly densities varied from 1.0-10.0 ocelots/100 km 2 (Fig. 2) with an inverse-variance weighted average over the years of 2.3 (95% CI ¼ 1.6-9.4) ocelots/100 km 2 (Fig. 3) . Sex ratio was approximately 0.5 and the confidence intervals overlapped 0.5 (Fig. 4) . The g0 parameter estimate for both sexes was 0.276 (Table S2) . Sex-specific s estimates were approximately 2.2 times larger for males than females. Estimated s was 2.5 km for males and 1.2 km for females (Table S3 ). The male s estimate was significantly different from females over all sessions (Table S3) .
Using SECR methods, we found little evidence that ocelot densities varied at each site over time or among sites considering overlapping confidence intervals, except for the Mountain Pine Ridge Forest Reserve (pine forest), which had lower densities than the broadleaf sites. The sex ratio within and among all sites for most years contained overlapping confidence intervals, meaning that although the estimates tended towards slightly more females, the sex ratio was not significantly different from 50:50. However, we did find evidence of departure from 50:50 sex ratio with a female bias in Gallon Jug Estate and a male bias in Cockscomb Basin Wildlife Sanctuary when applying the inverse-variance weighted averages over all years. The majority of g0 and s estimates for all site-years were significantly higher for males than females.
DISCUSSION
For at least a century, capture-recapture models have been a primary tool for estimating abundance and density (Royle et al. 2013) . Spatial capture-recapture models were only recently developed to further supplement and resolve several limitations of classical capture-recapture models by incorporating the spatial organization of the trapping grid relative to the individuals' trapping locations (Sun et al. 2014) . Most previous studies on ocelots have used traditional capturerecapture methods applying the mean maximum distance moved approaches, but few studies have applied spatialcapture recapture methods (Mart ınez-Hern andez et al. 2015 , da Rocha et al. 2016 . This is the first ocelot study to derive population density estimates from large-scale and long-term camera-trapping surveys that ranged over multiple sites and years, and one of only a few to use the SECR approach. In addition, this is the first study to account for sex-specific detection and movement parameters of ocelots using SECR models. Although the use of sex-specific detection function parameters precludes holding density fixed in a multi-session model (in the secr package, not generally), we applied fixed-effect inverse-variance weighted averages across years, within each site, to obtain a single, more precise average density estimate. In addition to yearspecific models, we applied multi-session models allowing parameters to vary across years or remain constant (including density because sex-specific parameters were not considered in these sparse data sets) across sessions to improve precision and obtain reliable estimates from data that might otherwise be too sparse to model separately for each survey (Sollmann et al. 2011 , Royle et al. 2013 , da Rocha et al. 2016 .
Our single-year density estimates ranged from 7.2 to 14.0 ocelots/100 km 2 , with inverse-variance weighted 290 The Journal of Wildlife Management 83 (2) averages ranging from 8.5 to 13.0 ocelots/100 km 2 in the lowland broadleaf rainforest sites (Fireburn Reserve, Hill Bank, Gallon Jug Estate), which were interspersed with marshes, swamps, mangroves, and savannas. Excluding our Chiquibul site, which experienced high camera theft and produced sparse data, yearly density estimates in the upland broadleaf rainforest sites (La Milpa, Cockscomb Basin Wildlife Sanctuary), ranged from 7.2 to 22.7 ocelots/ 100 km 2 , with inverse weighted averages ranging from 9.2 to 11.5 ocelots/100 km 2 . The native upland tropical pine forests of Mountain Pine Ridge Forest Reserve, however, had the lowest density of all at 0.9 ocelots/100 km 2 . In the Mountain Pine Ridge Forest Reserve, camera trapping grids contained the largest number of well-spaced camera stations; however, we obtained too few ocelot captures, especially of females, to use a sex covariate, potentially producing a negatively biased estimate (Royle et al. 2013 ). This bias would be minimal if most individuals at this site were male, as indicated by the extreme male bias in captures. Despite very low occurrences of ocelots in the Mountain Pine Ridge Forest Reserve, we were still able to estimate ocelot density by pooling information across years in a multi-session model framework. In addition, density estimates for ocelots occurring in pine-forests across their range are lacking. However, previous studies have reported that ocelots have overall lower detectability in pine forested sites, and preferred habitat with dense canopy cover (>95%) and avoided open areas with <75% canopy cover (Harveson et al. 2004 , Di Bitetti et al. 2006 , Horne et al. 2009 ).
The density estimates in some years in the Chiquibul site should be treated with caution because of the sparseness of data. For example, some of the surveys included pilot studies with few camera stations, low detections, and few unique individuals identified. Additionally, in some years the area suffered from camera theft resulting in shortened surveys and lower numbers of encounter occasions. In 1 survey where <1 spatial recapture (<2 recaptures of the same individual at different traps) occurred, potentially biased density estimates may have resulted (Sollmann et al. 2012) . However, several sampling years contained sufficient data to produce unbiased estimates.
Most previously reported densities for ocelots were estimated using classical capture-recapture methods making direct comparisons to our SECR study complicated. For example, Kelly (2007, 2008 ) estimated higher ocelot densities than this study in the Chiquibul forest at 11.24-25.88 ocelots/100 km 2 . Similarly, in La Milpa, Davis (2008) estimated higher than this study at 38.1 ocelots/ 100 km 2 , and in the Mountain Pine Ridge Forest Reserve, both Dillon and Kelly (2008) and Davis (2008) estimated higher densities than this study at 2.11-3.80 ocelots/ 100 km 2 . Classical capture-recapture methods in some cases have been reported to overestimate density in other studies (Soisalo and Cavalcanti 2006 , Dillon and Kelly 2007 , Gerber et al. 2012 and it is likely these previous estimates in the same areas were also overestimates given small grid sizes and small sample sizes, resulting in inadequately estimated animal movement parameters.
Outside of Belize, classical capture-recapture methods have estimated the highest ocelot densities in the Peruvian Amazon near the Ecuador border at 75.2-94.7 ocelots/ 100 km 2 , and 40-80 ocelots/100 km 2 in Peru and Venezuela (Ludlow and Sunquist 1987 , Emmons 1988 , Kolowski and Alonso 2010 . The lowest ocelot densities were in the Mexican State of Sonora at 5.7 ocelots/100 km 2 (Carrillo and L opez-Gonz alez, 2002) . All these classical capture-recapture studies perhaps should be closely re-examined in light of the SECR advancements to determine if they are potential overestimates given what we know of the pitfalls of classical capture-recapture approaches. Three other studies used spatial capture-recapture methods to estimate ocelot density occurring in Sierra-Tanchipa Biosphere Reserve, Mexico; Amanã Reserve, Brazil; and the Sierra Madre Occidental, northwestern Mexico. Habitats were comprised of a mosaic of vegetation types including, but not limited to, tropical deciduous forest, thornscrub, oak, woodlands, and tropical rainforest, and resulted in ocelot densities ranging from 0.51 to 25 ocelots/100 km 2 (Mart ınez-Hern andez et al. , da Rocha et al. 2016 , G omez-Ram ırez et al. 2017 , closer to the ranges we observed.
Average trap spacing across our sites ranged from 1.0 to 2.4 km and produced a high number of ocelot detections and spatial recaptures. Thus, this camera spacing appears appropriate for ocelots. However, other studies attempting similar estimates for cats with differing body sizes, should pay careful attention to camera spacing relative to movement parameters of the target species (Satter et al. 2013 , Satter 2017 . Our cameras were spaced closer together than twice the estimated value of s and produced sufficient numbers of spatial recaptures. Ocelot detections in Fireburn Reserve were the lowest at 32 (for 1 year) and the highest in Gallon Jug at 813 (for 4 years). The high ocelot detection rate in Gallon Jug over only a 4-year period was impressive considering that this site, which has timber extraction, borders the completely protected La Milpa site where we obtained 445 ocelot detections over a 7-year period. Small coffee, cacao, livestock areas and small human settlements within the Gallon Jug Estate boundaries facilitate a degree of disturbance; therefore, we suspect that this may partially explain high ocelot detections. Like other small-and medium-sized felids, ocelots are generalists and likely prey heavily on small rodents (Grassman et al. 2005 , de Oliveira et al. 2010 , Bashir et al. 2013 ) and may benefit from agricultural production areas, which offer a rich food supply to rodents and other small-mammal populations (SchmidHolmes and Drickamer 2001). We chose to use sex as an individual covariate for 2 reasons. First, we used sex to account for individual heterogeneity in g0 by accounting for differences in activity rates and landscape features such as roads and trails where the majority of cameras were placed (Sollmann et al. 2011 , Royle et al. 2013 . Secondly, we used sex-specific s to account for individual heterogeneity in detection that would result if females had smaller home ranges in general than males, which has been shown to be the case for ocelots across their range (Gardner et al. 2010 , Sollmann et al. 2011 , Royle et al. 2013 ) and specifically in Belize (Dillon and Kelly 2008) , resulting in females being exposed to fewer traps than males (Sollmann et al. 2011) . Not accounting for individual heterogeneity in detection parameters typically results in a negatively biased density estimate because individuals with higher detection probabilities are detected more frequently and dominate the detection parameter estimates (Sollmann et al. 2011 , Abadi et al. 2013 , Royle et al. 2013 , Tobler and Powell 2013 . Further, sex-specific detection parameters are key to correctly estimating the population sex ratio. A study conducted in Argentina reported that ocelots had a 2:1 ratio of females to males within the study population (Di Bitetti et al. 2006) . Our study generally determined that approximately 50% of the population was female, but because those females moved less and sometimes had lower detectability at their activity centers, we could have incorrectly concluded the population was male-biased without accounting for sexspecific detection parameters. In addition, some years within sites contained top models showing support for a trapspecific behavioral response to capture on g0. Although, it is possible that ocelots did exhibit some type of behavioral response to capture, this would be surprising given that camera traps were not baited. However, it is likely that these models were absorbing some individual heterogeneity in capture probability. Dillon and Kelly (2008) demonstrated a high degree of overlap between male and female ocelots in Belize and observed that up to 50-90% of a male's typical home range encompassed >1 female. Other studies reported that ocelots follow similar social system patterns with males having larger territories that overlap several females (Murray and Gardner 1997 , Sunquist and Sunquist 2002 , Di Bitetti et al. 2006 , Dillon and Kelly 2008 . Our results provide some evidence for males being more detectable than females. For example, for most of the years within each site, incorporating sex as an individual covariate on g0 was significant. Additionally, in sites and years incorporating sex as an individual covariate on g0, males were estimated to be approximately 1.5 to 7.4 times more likely to be detected at their activity centers than females. Our results corroborate the notion of males having larger home ranges than females because most of our surveys contained significant s estimates. In Hill Bank, La Milpa, Gallon Jug, Cockscomb, and the Chiquibul, most of the surveys estimated male s to be 1.3-2.2 times larger than females. We surveyed Fireburn for only 1 year and the estimated s for males was approximately 2.9 times larger than females. Thus, in general, male ocelots have wider movements and therefore are more likely to have higher exposure to the trapping grid and higher detectability. We emphasize the importance of long-term studies such as this, which take advantage of data collected from a study designed to target multiple carnivore species. In addition to improving the population density estimates over single surveys, long-term surveys allow for the estimation of survival, recruitment, dispersal, and population growth rate. Therefore, estimating these parameters using open population SCR models (Gardner et al. 2010, Chandler and Clark 2014) is the subject of future work. Except for the Mountain Pine Ridge Forest Reserve site, which appears to have naturally low ocelot densities, we found no evidence that densities varied within or among the other predominantly broadleaf sites. In Belize, ocelot populations appear stable across time and space, with the caveat that our estimates were not precise enough to rule out gradual population decline. However, the application of open-population, spatial capture-recapture models should allow for population trends to be estimated more precisely and potential declines to be detected with more statistical power.
MANAGEMENT IMPLICATIONS
With careful attention to trap spacing and grid extent, SECR methods can be used on medium-sized felids within a camera grid targeting species of different body sizes. We urge other studies to adopt an SECR approach especially considering the possibility of overestimating density using previous density estimation approaches.
